It has been known that liver microsomes possess an enzymatic activity catalyzing the reduction of exogenously added cytochrome c by NADH. Strittmatter and Velick (1956a) first isolated the NADH-cytochrome c reductase from rabbit liver microsomes, and observed that the electron transfer system from NADH to cytochrome c was assembled with NADH-cytochrome b5 reductase and cytochrome b5. NADH-ferricyanide reductase activity was also shown in liver microsomes, although the system was not physiological (Strittmatter and Velick 1956b) . These enzymes are considered to be tightly bound to membranous components of microsomes (Ernster et al. 1962; Omura et al. 1965 ) and lipids might play an important role in such microsomal enzymes. In fact, requirement of lipids has been demonstrated for both NADH-cytochrome c reductase (Jones and Wakil 1967) and NADH-cytochrome b5 reductase (Rogers and Strittmatter 1973) . However, little is known about the role of lipids in the regulation of microsomal enzymes. In the present paper, we examined the involvement of lipids in the microsomal NADH-cytochrome c reductase (NADH-cytochrom c oxidoreductase, EC 1.6.99.3) activity by means of kinetic studies.
MATERIALS AND METHODS

Chemicals.
Horse heart cytochrome c and NADH were obtained from Boehringer Preparation of microsomes. Hen liver microsomes were prepared by the method of Jones and Wakil (1967) .
Lipids were removed from the microsomes by extraction with 90% acetone as described by Lester and Fleisher (1961) . This treatment resulted in the loss of at least 80% of the microsomal phospholipid, when estimated in terms of lipid phosphorus.
The phosphorous content of lipids was determined according to the procedure of Bartlett (1959 Measurement of initial velocities. In the kinetic investigation, the true Michaelis constant and maximal velocity were obtained by the double reciprocal plots at different concentrations of substrates.
The velocities of reduction were measured at early linear stages which usually continued for 3 min after the initiation of the reaction.
RESULTS
Effect of addition of phospholipid on the NADH-cytochrome c reductase activity in the lipid-depleted microsomes
The initial velocity of NADH-cytochrome c reductase activity in either the intact or the acetone-treated microsomes increased linearly with the increase in the enzyme amount used as shown in Fig. 1 , although the reductase activity in the acetone-treated microsomes was 50% or less of that in the intact microsomes .
When phosphatidylserine in micelle form was added to the acetone-treated microsome system, the rate of cytochrome c reduction was restored to almost the same level as for the intact microsomes as shown in Fig. 2 . When a limited amount of phospholipid was employed, however, the line bent on the way and a new line of much smaller slope was obtained. The latter slope resembled that for the acetone-treated microsome system.
Essentially the same results were obtained in a similar experiment using phosphatidylinositol-containing micelles. The reaction conditions were as given in Fig. 4 and all experiments in this table were made with a single microsomal preparation.
Kinetics of the reduction of ferricyanide
Kinetic parameters of the NADH-ferricyanide reductase activity in microsomes were estimated in the same way as for the NADH-cytochrome c reductase activity and are shown in Table 1 . Acetone-treatment of microsomes apparently had no effect on Vmax and Km for ferricyanide, whereas it significantly elevated the Km for NADH.
DISCUSSION
It has been postulated by several investigators that lipids might play an important role in microsomal electron transfer functions (Jones and Wakil 1967; Rogers and Strittmatter 1973) . Jones and Wakil (1967) studied the lipid require ment of the microsomal NADH-cytochrome c reductase of hen liver, and showed that a combination of two different phospholipids, lecithin and lysolecithin, restored completely the decreased reductase activity of the acetone-treated microsomes, although a single addition of lecithin failed to restore the decreased activity.
The present study revealed, however, that the activity of the acetone-treated NADH-cytochrome c reductase was completely restored to the original intact level by addition of sufficient amounts of either phosphatidylserine or phosphati dylinositol (Fig. 2) . On the other hand, the activity of NADH-ferricyanide reductase was not affected by the acetone-treatment (Fig. 3) , in agreement with the observa tion by Jones and Wakil (1967).
Then we investigated kinetically the properties of NADH-cytochrome c reductase in the intact microsomes, and compared them with those in the acetone treated microsomes. The results indicated that the lipid depletion from microsomes decreased the Vmax significantly and increased the Km values for either NADH or cytochrome c. Therefore, the decrease of the reductase activity in microsomes by the acetone-treatment might be attributable to the changes of the kinetic para meters of either Km or Vmax.
In the NADH-ferricyanide reductase system, the Km value for ferricyanide as well as the maximal velocity of the reductase in the lipid-depleted microsomes was essentially the same as in the intact microsomes. It has been shown that exogenous ferricyanide accepts electron directly from microsomal flavoprotein, but not through cytochrome b5 (Strittmatter and Velick 1956b) . These situations suggest that the lipid depletion of microsomes seems to have affected the rate of electron transfer between fl.avoprotein and exogenous cytochrome c, but not between NADH and flavoprotein in the NADH-cytochrome c reductase.
Recently Rogers and Strittmatter (1974) indicated that cytochrome b5 and cytochrome b5 reductase are randamly distributed in the microsomal membrane. They (1973) also suggested that in the lipid-free microsomes the protein might exist as a heterogeneous mixture of high molecular weight aggregates, probably due to hydrophobic interactions. Consequently the lipid depletion could modify the spacial arrangement of both flavoprotein and cytochrome b5 in microsomes.
In our case the addition of enough amounts of either phosphatidylserine or phosphatidylinositol restored the NADH-cytochrome c reductase activity in the acetone-treated microsomes to nearly the same level as that in the intact micro somes. As discussed above, the lipid-depletion of microsomes seems to have affected the rate of electron transfer between flavoprotein and exogenous cyto chrome c. Therefore, interaction of phospholipids with microsomal NADH cytochrome c reductase would have an important role, especially in the reduction of cytochrome b5.
